Background Imiquimod 5% cream has been investigated for non-surgical treatment of superficial and nodular basal cell carcinoma (BCC) tumours. Objectives Two studies were conducted to examine the effect of occlusion at low dosing frequencies on the safety and efficacy of topical imiquimod 5% cream for the treatment of superficial and nodular BCC.
The immune response modifier, imiquimod, is sold as a 5% topical cream (Aldara Ò ) for the treatment of genital warts. Preclinical studies have shown that imiquimod promotes antiviral 1 and antitumour 2 effects due to the induction of cytokines 3 such as interferons and others. Because of the antitumour activity associated with imiquimod, the 5% cream formulation is being studied as a potential alternative to surgical therapies for the treatment of basal cell carcinoma (BCC).
Pilot studies in patients with BCC have demonstrated that imiquimod 5% cream is efficacious in clearing these tumours. 4 Complete response rates for superficial BCC 5 following treatment with imiquimod 5% cream have been higher than those for nodular BCC. 6 The difference in treatment outcomes for superficial and nodular BCCs is speculated to be attributable to the biology of the tumour.
It has been previously published that the most effective dosing regimen for both superficial and nodular BCC is once daily 7 days per week for a period of at least 6 weeks. 5, 6 The side-effects of using imiquimod cream are most often application site reactions. Higher topical dosing frequencies have demonstrated an increase in the frequency of application site reactions and the need for rest periods, while lower dosing frequencies have shown reduced efficacy rates. 4 An imiquimod pilot study (data on file at 3M) using occlusion to treat BCC showed twice daily 7 days per week dosing was not tolerated by subjects. In clinical practice, occlusion has an established role in increasing the observed activity of a variety of agents. 7, 8 The two studies reported here sought to address the question of whether occlusion of the skin during treatment of superficial or nodular BCC with imiquimod 5% cream would lead to an enhanced efficacy profile at low dosing frequencies.
Patients and methods
These were multicentre, open-label, randomized studies performed in Europe. As both studies used similar protocols, the methods reported here will pertain to both unless otherwise stated.
Patients
Patients were eligible for these studies if they were at least 18 years old and had a primary tumour that was histologically confirmed to be superficial or nodular BCC. Target tumours were to be between 0AE5 cm 2 and 2AE0 cm 2 in area for the superficial BCC study and 0AE25 cm 2 and 1AE5 cm 2 in area for the nodular BCC study (the difference in tumour area criteria was due to enrolment issues). Target tumours could be located on the limbs (excluding hands and feet), trunk (excluding anogenital area), neck, or head (high-risk areas within 1 cm of hairline, eyes, nose, mouth, or ears excluded). The tumour location criteria were expanded in the nodular study to include tumours in high-risk locations of the scalp, nose, mouth, and ears.
Patients were excluded if they had any previous therapy to the target tumour or if they had any dermatological conditions that would interfere with local assessments.
Methods

Interventions
Two studies were conducted; one examined superficial BCC and another examined nodular BCC. Both studies consisted of a screening visit, a 6-week treatment period with regular interval visits, and a post-treatment visit 6 weeks following the end of treatment for surgical excision of the target tumour area. Patients were randomized to one of four dosing regimens: 2 days per week with or without occlusion, or 3 days per week with or without occlusion. Within each study, a computer-generated randomization schedule assigned patients in blocks of four to each dosing regimen. Study personnel were blinded to this randomization schedule until after subject treatment assignments had been made. At the screening visit, patients were informed of study procedures and of their rights and responsibilities as study participants. All patients signed an ethics committee-approved informed consent document. Patients then had a confirmatory biopsy of their target tumour. At the initiation visit (2 weeks to 1 month following screening), a baseline tumour area was determined by measuring and multiplying the two largest perpendicular dimensions of the tumour. The tumour site and appropriate anatomic landmarks were mapped using a clear plastic sheet as a template to guide the excision at the end of the study. Six weeks following the end of treatment, patients underwent surgical excision of their target tumour for histological evaluation of response.
Biopsies
Each patient underwent a prestudy confirmatory punch, deep shave, or wedge biopsy of the target tumour. Investigators were encouraged to remove no more than approximately 25% of the tumour. Biopsies extended into the reticular dermis and all specimens were sent to an independent dermatopathology laboratory where they were sectioned and histologically examined for superficial or nodular BCC. Superficial BCC was defined as a multifocal tumour exhibiting atypical basaloid cells extending from the epidermis and the tumour was to be confined to the superficial portion of the papillary dermis. Nodular BCC was defined as a tumour showing nodular aggregates of atypical basaloid cells extending into the reticular dermis with peripheral, palisading, mitotic figures, and clefting from a surrounding fibromyxoid stroma. Patients diagnosed with superficial BCC with nodular components were enrolled into the nodular study.
Study cream application
Patients were instructed to gently clean and dry the target tumour area with soap and water and apply topical imiquimod cream just prior to their normal bedtime according to the dosing regimen to which they were assigned. Patients dispensed cream from singleuse sachets and rubbed the cream into the tumour area using an estimated amount of study cream determined by the larger diameter of each patient's tumour. An area approximately 1 cm surrounding the tumour was covered and the cream was left in place for at least 8 h.
Patients randomized to a 2 days per week schedule were asked to apply cream on the same 2 days every week, the first application being followed by 2 days without treatment, and the second application being followed by 3 days without treatment (e.g. Monday and Thursday). Patients on a 3 days per week regimen were asked to apply study cream every other day, the last application of the week being followed by 2 days with no treatment (e.g. Monday, Wednesday, Friday). Patients randomized to either of the occlusion treatment groups covered their treatment site with 3M Clean Seals Ò Transparent Dressing while the cream was on the skin. Investigators could prescribe rest periods from treatment if the patient was unable to apply doses due to local skin reactions or treatment site adverse events.
End-of-treatment excision
Six weeks following the end of treatment, each patient underwent surgical excision of the target tumour area. Tumours were surgically excised with a 3-4 mm margin surrounding the tumour. Each excision specimen was cut into slices of no more than 3 mm thick that were then paraffin-processed, stained with haematoxylin and eosin and histologically examined for residual BCC using light microscopy. All sections were examined by two dermatopathologists for residual BCC and to ensure that the margins were free of tumour.
Safety and efficacy measurements
Patients returned to the study centre at the end of treatment weeks 1, 2, 4 and 6, and 6 weeks posttreatment for safety and efficacy evaluations. Prestudy and post-study evaluations included physical examinations, haematology, blood chemistry, urinalysis, and pregnancy tests for women of childbearing potential. Target tumours were measured and photographed prior to the prestudy biopsy, at treatment initiation, at each interval visit, and at the 6-week post-treatment visit prior to the excision. The presence and intensity of specific local skin reactions that have been seen in previous imiquimod studies (i.e. erythema, oedema, induration, vesicles, erosion, ulceration, excoriation ⁄ flaking and scabbing) were assessed by the investigator at interval visits and at the post-treatment excision visit and rated on a 4-point scale (0 ¼ none, 1 ¼ mild, 2 ¼ moderate, 3 ¼ severe). Vital signs measurements were taken at prestudy, initiation, and all interval visits. Concomitant medications and adverse events were monitored at interval visits and the posttreatment excision visit. At the post-treatment excision visit, investigators made clinical assessments of patients' tumour sites to determine whether BCC was evident. Excision specimens were examined histologically for evidence of remaining BCC.
Analyses
Sample size calculations were based on the ability to detect differences in complete response rates. Eighteen patients in each of the imiquimod dose groups gave these studies at least 80% power to detect a difference of 20% for one imiquimod dose group vs. 80% for another imiquimod dose group, assuming that each comparison was carried out at an alpha level of 0AE05 ⁄ 4. The statistical analysis was performed on the intent-to-treat data set, which included all randomized patients. The primary variable was the complete response rate, defined as the proportion of patients who had no histological evidence of BCC in the 6-week post-treatment excision specimen. Patients who did not return for the post-treatment excision were considered
non-responders for analysis purposes. Investigator assessments of whether or not the target tumours were clinically evident at the post-treatment excision visit were compared to histology results and positive and negative predictive values were calculated.
Fisher's exact test was used to compare the complete response rates among all four treatment groups for each study. If this overall test was significant, Fisher's exact tests were then used to compare complete response rates in the following pairwise comparisons: 2 days per week with occlusion vs. 2 days per week without occlusion; 3 days per week with occlusion vs. 3 days per week without occlusion; 2 days per week with occlusion vs. 3 days per week with occlusion; and 2 days per week without occlusion vs. 3 days per week without occlusion. Each comparison was carried out at an alpha level of 0AE05 ⁄ 4 in order to preserve the overall alpha level of 0AE05.
Results: Superficial basal cell carcinoma study
Ninety-three patients (59 males and 34 females) were enrolled ( Table 1) . Target tumours ranged in size from 0AE2 to 3AE8 cm 2 and were most frequently located on the trunk. Fifteen patients had target tumours outside of the range (three smaller, 12 larger) specified in the inclusion criteria but were allowed to continue in the study. Eight patients discontinued from the study (five due to personal reasons, one lost to follow-up, one due to an adverse event, and one due to a local skin reaction, Fig. 1 ).
Efficacy
Of the 93 patients, 88 underwent post-treatment excision (Figs 4, 5) . Five patients did not return for post-treatment excision and were considered treatment Figure 1 . Superficial disposition.
failures in the analysis. The highest complete response rates (Fig. 2) were seen in the 3 days per week treatment groups with rates of 87% (20 of 23) and 76% (19 of 25) for patients with and without occlusion, respectively. Complete response rates for the 2 days per week treatment groups were 43% (nine of 21) and 50% (12 of 24) for patients with and without occlusion, respectively. Occlusion did not have a statistically significant effect on complete response rate at either dosing frequency. The complete response rate increased as dosing frequency increased, both with and without occlusion. However, the only statistically significant difference in response rate was seen when comparing the 2 days per week with occlusion and 3 days per week with occlusion groups (P ¼ 0AE004). The post-treatment investigator clinical assessment of target tumour clearance for 66 of 93 patients was compared to the histology result from the excision ( Table 2 ). The overall negative predictive value for tumour assessment was 79AE4%, which meant that 27 of 34 patients who were clinically assessed as negative (no tumour visually evident) were histologically confirmed to be negative for BCC. The overall positive predictive value was 46AE9%, which indicated that 15 of 32 of patients who were clinically assessed as positive (tumour visually evident) were confirmed to be positive for BCC histologically. Twenty-two additional patients were assessed as Ôunable to determineÕ and five patients did not have an assessment.
Safety
Adverse events. Adverse events occurred in all treatment groups with 55 of 93 (59%) patients reporting at least one adverse event. Application site reactions, reported by 30 (32%) patients, were the most frequently reported adverse events. Itching, burning, and hypopigmentation at the target tumour site were the most commonly reported application site reactions. Two patients experienced severe application site reactions that were considered probably related to study drug. One patient (3 days per week with occlusion group) had severe burning at the application site but continued dosing with imiquimod without additional therapy. The other patient (2 days per week without occlusion group) had severe pus and inflammation at the target site. This patient interrupted dosing for 2 weeks and applied mupirocin (topical antibiotic) to the target tumour area. Both patients recovered from their severe adverse events and completed the study. The incidence of fever or influenza-like symptoms in any treatment group was low.
Four patients experienced serious adverse events: one patient was hospitalized with dystonia and diagnosed with mechanical cervicalgia (musculoskeletal neck pain), and three patients were hospitalized for excision of non-target BCCs, actinic keratoses, and ⁄ or naevi. None of these patients discontinued from the study and all recovered from their adverse events. Of the two patients who discontinued the study, one discontinued due to moderate erosion at the tumour site. The second patient discontinued due to neurological dysregulation, although this was not considered by the investigator to be related to imiquimod cream use. Rest periods were taken by two patients, one each from the 3 days per week with occlusion and 2 days per week without occlusion groups.
Local skin reactions. Local skin reactions occurred in all treatment groups. Most of the investigator assessments of these local skin reactions were mild to moderate in intensity, with erythema and induration occurring most frequently. Severe local skin reactions were reported in all treatment groups, although more frequently in the 3 days per week treatment groups than in the 2 days per week treatment groups. For 
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treatment 3 days per week, severe local skin reactions were more frequently reported in the occlusion group than in the non-occlusion group. This was opposite to the effect seen with 2 days per week dosing. Of the severe reactions, erythema occurred most often, followed by erosion.
Results: Nodular basal cell carcinoma study
Ninety patients (56 males and 34 females) were enrolled (Table 3) . Target tumours ranged in size from 0AE2 to 2AE4 cm 2 and were most frequently located on the head followed by the trunk. Eight patients had target tumours outside of the range (four smaller, four larger) specified in the inclusion criteria but were allowed to continue in the study. Seven patients discontinued from the study (three due to adverse events, two due to local skin reactions, one lost to follow-up, and one due to expiration of the drug supply before the patient completed dosing, Fig. 3 ).
Efficacy
Eighty-nine of the 90 patients underwent post-treatment excision and 50 (55AE6%) were complete responders to therapy with imiquimod (Figs 6,7) . One patient did not return for the post-treatment excision and was considered a non-responder for analysis purposes. Complete response rates (Fig. 2) in the 3 days per week treatment groups of 65% (15 of 23) and 50% (12 of 24) were seen for patients with and without occlusion, respectively. Complete response rates for the 2 days per week treatment groups were 50% (11 of 22) and 57% (12 of 21) for patients with and without occlusion, respectively. No significant differences of complete response rate were detected between the four treatment groups (P ¼ 0AE700). 67 ± 8AE9 6 6 ± 1 3 AE2 6 6 ± 1 3 AE2 6 6 ± 1 4 AE6 6 6±1 2 AE5 Median target tumour size (cm Figure 3 . Nodular disposition.
Post-treatment clinical assessment data for 69 of 90 patients' target tumours were compared to histology results from excisional biopsies (Table 4) . Twenty additional patients were assessed as Ôunable to determineÕ and one additional patient did not have an assessment. The overall negative predictive value for tumour assessment was 81AE0%, which meant that 17 of 21 treated tumours that were clinically assessed as negative (no tumour present) were histologically confirmed to be negative for BCC. The overall positive predictive value was 68AE8%, which indicated that 33 of 48 treated tumours that were assessed as positive (tumour clinically evident) were confirmed to be positive for BCC histologically.
Safety
Adverse events. A total of 63 (70%) patients reported at least one adverse event during the study. Application site reactions, reported by 38 (42%) patients, were the most frequently reported adverse events. Of application site reactions, itching, irritation, and bleeding were the most frequently reported. Five patients experienced severe application site reactions that were considered probably related to the study drug. In the 3 days per week with occlusion group, one patient reported continuous stinging and pain at the application site. Another patient reported irritation at the target tumour and one patient reported irritation and pruritus. In the 3 days per week without occlusion group, one patient experienced local irritation and one patient in the 2 days per week with occlusion group experienced persistent inflammation. Two of the five patients 
interrupted imiquimod treatment and three stopped treatment; none of these patients required additional therapy. Four patients experienced serious adverse events. Although none of these events were considered to be related to the study drug, they included one patient who was hospitalized with coxarthrosis of the hip, one patient hospitalized for knee surgery, one patient hospitalized for fracture of the radius and one patient hospitalized for excisional surgery of a non-target BCC on the nose and sebaceous gland hyperplasia on the forehead. None of these patients discontinued from the study. Of the five patients who discontinued treatment due to adverse events, two discontinued because of local skin reactions (one due to severe erythema and oedema and one due to erythema, oedema and crust) and three discontinued because of application site reactions (one due to inflammation at the target site and two due to irritation at the target site). All patients recovered from their adverse events.
Local skin reactions. Local skin reactions occurred in all treatment groups, with erythema being the most frequently reported. In the 3 days per week with occlusion group, 10 of 23 (43%) patients reported severe erythema. Severe local skin reactions were reported in all treatment groups, although more frequently in the 3 days per week treatment groups than in the 2 days per week treatment groups, and more frequently in the occlusion groups than in the non-occlusion groups. The incidence of severe erythema decreased as the frequency of dosing decreased and the incidence of severe erythema was higher in the groups that used occlusion than in the groups without occlusion. Rest periods were taken by three patients (two in the 3 days per week with occlusion group and one in the 3 days per week without occlusion group).
Discussion
In a pilot study using imiquimod to treat BCC tumours with occlusion, it was found that twice-daily dosing was not tolerated. In an effort to examine the safety and efficacy effects of occlusion using lower frequency dosing, these two studies were initiated. In these studies, occlusion did not have a statistically significant effect on efficacy within either dosing frequency for either superficial or nodular BCC. Although the differences in response rates between the occlusion and nonocclusion groups were not found to be statistically significant, these studies were designed to detect large differences.
Clearance rates for superficial BCC at 3 days per week dosing were statistically significantly greater than the rate for twice-weekly dosing. The efficacy rates in the superficial study for 3 times per week dosing with occlusion are similar to efficacy rates of 5 days per week and daily dosing without occlusion seen in a previous 12-week study 9 and daily dosing without occlusion in a 6-week study. 5 Available supportive evidence from previous studies indicates that a minimum threshold for effective dosing for superficial BCC may be 3 days per week. The efficacy rates in the 2 days per week dosing regimen are inadequate to recommend imiquimod 5% cream for the treatment of either superficial or nodular BCC at that dosing frequency. Even with occlusion at 3 days per week, nodular BCC remains less responsive to imiquimod than superficial BCC. This is consistent with previously published studies. Although BCC is rarely fatal, its morbidity rate is high and BCC often causes discomfort and distress to the patient, as well as an extra cost burden to the health industry. Currently, of the 6-week studies treating superficial and nodular BCC with imiquimod, the most effective dosing regimen remains once daily 7 days per week. 5, 6 When balancing the risk-benefit ratio, it is evident from these results that the decreased frequency of imiquimod application does increase the tolerability to the patient, which may positively influence compliance. The safety profiles seen here were milder than those seen with more frequent dosing regimens of imiquimod as evidenced by the low rate of severe local skin reactions as well as the infrequent need for rest periods.
The small effect of occlusion on complete response rate in these studies may be due to several factors. One factor may be suboptimal drug penetration into the tumour. The water solubility of imiquimod is low and this may partially account for the failure of occlusion and any increased state of hydration of the epidermis to enhance the activity of imiquimod. However, as the local skin reactions seen in these studies were consistent with the induction of a local inflammatory response at the target tumour, this is likely a sign of sufficient penetration. An alternative possibility may reflect biological aspects of the immune response itself. It may be that the pathways involved are already near maximum stimulation, allowing no additional benefit from occlusion.
A factor for the different response rate between superficial and nodular BCC may be the migration of educated T cells and release of cytokines into surrounding areas of the tumour. As superficial BCCs are thin and flat, they provide more surface area in contact with immune cells and cytokines than the more spherical, compact, nodular tumour, thus increasing the likelihood of tumour clearance.
The pre-excision negative predictive values for both studies were higher than the positive predictive values, indicating that investigators accurately assessed the absence of a tumour more often than they accurately assessed the presence of one. In view of the reaction elicited by imiquimod treatment, evidence is accumulating that the time interval of 6 weeks post-treatment may not be long enough to allow the visible signs of this reaction to abate. In clinical practice, where physicians are not bound to the requirements of a study protocol, the clinician will have the option of reviewing the patient at a time of their choosing after a few months (a timeframe similar to that used when assessing patients who have undergone surgical treatment). The evidence of persistent tumour will most likely become increasingly obvious with time while the appearance of a resolving or cleared tumour would tend to improve.
